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® Solid state X-ray Imaging device. 



@ An x-ray image detection device (12) includes a 
luminescent layer (28) containing an x-ray sensitive 
phosphor, an amorphous silicon Schottky barrier di- 
ode array layer (30), a polysilicon thin film transistor 
array layer (32), and read-out circuitry (34). The 
phosphor in the luminescent layer (28) converts in- 
cident x-rays to corresponding visible light radiation. 
The diode array generates an electrical signal cor- 
responding to the intensity of light from the layer 
(28). Current generated in photodiode array (30) is 
fed to the gates of the transistors in array layer (32). 
Read-out circuitry (34) amplifies the signals in the 
transistors in array layer (32), and converts the sig- 
nals to digital form. 
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® Solid state X-ray imaging device. 



® An x-ray image detection device (12) includes a 
luminescent layer (28) containing an x-ray sensitive 
phosphor, an amorphous silicon Schottky barrier di- 
ode array layer (30). a polysilicon thin film transistor 
array layer (32). and read-out circuitry (34). The 
phosphor in the luminescent layer (28) converts in- 
cident x-rays to corresponding visible light radiation. 
The diode array generates an electrical signal cor- 
responding to the intensity of light from the layer 
(28). Current generated in photodiode array (30) is 
fed to the gates of the transistors in array layer (32). 
Read-out circuitry (34) amplifies the signals in the 
transistors in array layer (32). and converts the sig- 
nals to digital form. 
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SOLID STATE RADIATION DETECTOR 



BACKGROUND OF THE INVENTION 

The present invention relates to x-ray sensing 
arrays, and In particular, it relates to arrays that 
detect x-rays for conversion to digital data. 

In medical diagnostic applications, the image of 
a human body is recorded on photographic film 
sensitive to x-rays. Phosphor-containing screens 
sensitive to x-rays are placed between the human 
body and the film to reduce the x-ray dose rate. 
The combination of x-ray film and phosphor-con- 
taining screens produces a radiograph with good 
resolution (5 line pairs/MM). However, the film re- 
quires a substantial amount of time to develop and 
the image on the film is not in a form that readily 
lends itself to computer storage or analysis. 

Efforts have been made to replace x-ray film in 
radiology through the use of x-ray intensifiers, vid- 
eo cameras* displays, and non-film detectors. One 
such system employs a scintillation crystal to con- 
vert x-rays to corresponding visible light radiation. 
"Digital Slot Radiography Based on a Linear X-ray 
Image Intensifier and Two-Dimensional Image Sen- 
sors", Beerlage, Levels, and Mulder, SPIE Vol. 626 
Medicine, XIV/PACS IV, pages 161-169 (1986). A 
photodetector is then used to generate an electrical 
signal corresponding to the intensity of the visible 
light radiation. The electrical signal from the detec- 
tor is converted to digital data and stored in a 
memory device or electrically displayed, such as 
on a cathode ray tube. 

Solid state detectors have also been used in x- 
ray astronomy. One such detector system was 
reported in "Multi-Element Self-Scanned Mosaic 
Sensors", Weimer et ai, IEEE Spectrum. March 
1969. pages 52-65. The system included arrays 
consisting of a matrix of photodiodes which are 
charged by light to produce electron-hole pairs." 

The Catchpole et al U.S. Patent 4,675,739 de- 
scribes an incident radiation solid state sensing 
array made of photosensing elements. Each 
photosensing element includes back-to-back di- 
odes, one a photo-responsive diode and the other, 
a blocking diode. Each of the diodes has an asso- 
ciated capacitance formed by its electrodes. The 
magnitude of the charge remaining on a given 
capacitor is sensed and relates back to the inten- 
sity of the incident radiation impinging upon the 
photosensitive diode. Furthermore. In such a linear 
photodiode array, the scanning time is so long that 
real time read-out is made impractical. In addition, 
the linear photodiode array has to be moved to 
obtain a two-dimensional image. 

Another solid state sensing array includes 
charge-coupled devices. Charge-coupled devices 



have a layer of relatively conductive semi-conduc- 
tor material separated from a layer containing elec- 
trodes by an insulator in a two-dimensional image 
sensing array. However, charge-coupled devices 

5 can presently be produced at a format of less than 
1 inch by 1 inch. Larger formats of arrays have 
charge transfer problems due to the number of 
defect devices that can exist in one line of the 
array. A defective device in one line of the array 

10 can result in a charge not being transferred through 
that line in the array. 

The Nishiki et al U.S. Patent 4,689,487 de- 
scribes the use of a large area solid state detector 
(40cm X 40cm). This solid state detector includes 

;5 pixels in 2,000 X 2,000 matrix form. Each pixel 
consists of a photodiode conductively connected in 
parallel to a capacitor which are both then conduc- 
tively connected to the drain of a metal oxide semi- 
conductor field effect transistor (MOSFET). The 

20 photodiodes are of a polycrystalline or amorphous 
material. 

The Berger et al U.S. Patent 4,810,881 de- 
scribes an amorphous silicon detector of 36cm X 
43cm. Each pixel in the detector includes an amor- 

25 phous silicon diode that is conductively connected 
in series to a capacitor which in turn are both then 
conductively connected to the drain of an amor- 
phous silicon base junction field effect transistor. 
Neither detector of U.S. Patents 4,689,487 and 

30 4.810,881 has a non-destructive image read-out 
capability. 

SUMMARY OF THE INVENTION 

35 The present invention includes a radiation de- 
tector device having an array of pixels. Each pixel 
includes a photodiode. The photodiode is connect- 
ed to the gate of a thin film transistor. The 
photodiode generates a current when the device is 

40 subjected to x-rays. The detector of the present 
invention is capable of real-time, non-destructive 
read-out. 

The photodiode of the present invention is sen- 
sitive to x-rays through use of a luminescent layer 

45 which has an x-ray sensitive phosphor. The lu- 
minescent layer may be disposed in a phosphor 
screen or the phosphor may directly overlie the 
photodiode. Alternatively, the photodiode may be 
of a composition that is sensitive to x-rays there- 

50 fore eliminating the need of an x-ray sensitive 
phosphor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic view of the present 



invention in a radiographic system. 

Figure 2 is an exploded perspective view of the 
x-ray detector of the present invention. 

Figure 3a is a sectional view of a pixel unit of 
the detector of the present invention. 

Figure 3b is a sectional view of a pixel unit of 
the detector of the present invention including a 
blocking diode. 

Figure 4 is a circuit diagram of a pixel unit of 
the present invention including a blocking diode. 

Figure 5 is a circuit diagram of a pixel unit 
without a blocking diode of the present invention. 

Figure 6 is a graphical view of the response of 
an integrated detector of the present invention to 
illumination by light of wavelength X. 

Rgure 7 is a graphical view of the response of 
a linear array of 32 pixel units of the present 
invention to a medical radiographic dose of x-rays. 

Figure 8 is a graphical view of the thin film 
transistor output current of the detector of the 
present invention over time in response to various 
levels of x-ray exposure. 

Rgure 9 is a graphical view illustrating the 
response of a hybrid linear array 32 units pixel of 
the present invention to a medical radiographic 
dose of x-rays. 

Rgure 10 is a diagrammatic view of a two- 
dimensional array detector of the present invention 
constructed in a modular manner. 

Rgure 11 is a graphical view illustrating the 
amplification ratio of the second TFT. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An x-ray image detection apparatus of the 
present invention is generally illustrated at 10 in 
Rgure 1. The apparatus 10 includes a solid state x- 
ray detector 12. The solid state detector 12 detects 
x-rays 14 emitted from a source 16 that pass 
through a human body 18. An analog video .signal 
is received from the detector 12 by a central pro- 
cessing unit 20 and is converted into a digital 
signal by an analog to digital converter and stored 
in memory. An image using the stored data may 
be projected on a display 22 or a hard copy 24 
provided through a laser printer 26. 

The solid state radiation detector 12 Is more 
fully illustrated in Figure 2. The detector 12 in- 
cludes a luminescent layer 28 containing an x-ray 
sensitive phosphor, an amorphous silicon Schottky 
barrier diode array layer 30« a polysilicon thin film 
transistor (TFT) array layer 32, and read-out cir- 
cuitry 34. The phosphor in the luminescent layer 
converts incident x-rays to corresponding visible 
light radiation. The amorphous silicon Schottky bar- 
rier diode array generates an electrical signal cor- 
responding to the intensity of light from the lu- 



minescent layer 28. Current generated in the 
photodiode array 30 is fed to the gates of asso- 
ciated TFT's. 

The read-out circuitry 34 is used to amplify the 
5 electrical signal and convert the analog signal into 
digital, and store the signal in memory so that the 
signal may be used in an optical or electrical 
display. The detector can either be made on a 
single module or a multi-module (tiled structure), 

70 which has the read-out circuitry 34 incorporated on 
the same substrate. The read-out circuitry is based 
on high mobility polysilicon technology which is 
know in the art and is located along the periphery 
of the module or multi-module structure. 

75 The detector 12 is composed of a plurality of 
pixels. An exemplary pixel 36 is illustrated in Fig- 
ure 3a without the luminescent layer 28. Each pixel 
36 has an amorphous silicon Schottky diode 38 
preferably overlaying a polysilicon thin film transis- 

20 tor 40. The photodiodes can also be positioned 
such that the diodes exist in a side-by-side rela- 
tionship with the TFTs. The photodiodes alter- 
natively can be of a p-i-n form where p is a p-type 
doped amorphous silicon, i is an undoped amor- 

25 phous silicon, and n is an n-type doped amorphous 
silicon, or the photodiode may be of an MIS ar- 
rangement wherein M is metal, I is an insulating 
layer, and S is an undoped amorphous silicon. 
Pixel area sizes of 420 microns^. 220 microns^, 120 

00 microns^, and 80 microns^ have been produced. 
Production of pixels having an area of 50 microns^ 
or smaller is believed to be possible with no antici- 
pated problems. 

The thin film transistor 40, in turn, Is disposed 

35 on a 'substrate such as a silicon wafer. However, a 
quartz substrate or glass substrate is preferred due 
to the larger area that such substrates provide. 

The Schottky barrier diode 38 includes an un- 
doped hydrogenated amorphous silicon layer 42 

40 adjacent a doped hydrogenated amorphous silicon 
. layer 44 with the two layers 42 and 44 being 
sandwiched by a conductive layer 46 and a metal 
layer 48. The Schottky barrier is formed between 
metal layer 48 and undoped amorphous silicon 

45 layer 42. The metal layer 48 has been preferably 
annealed in a hydrogen atmosphere. A layer of 
lead 49 or other heavy metal such as tungsten or 
platinum is disposed between the conductive layer 
46 and the thin film transistor 40 for protection of 

50 the transistor from x-rays. The diode 38 may addi- 
tionally include a transparent conductive oxide or 
other optical matching layer 50 as a top layer. For 
outside connection, a layer of metal 51 is depos- 
ited at the periphery of the diodes. 

55 The thin film transistor includes a source 52, a 

drain 54, and a polysilicon gate 56. The gate of the 
thin film transistor is conductively connected to the 
conducting layer 46 of the diode 38 preferably by a 



mytal contact 66. The current generated in the 
Schottky barrier diode 38 by the incident x-rays is 
fed to the gate of the TFH" and changes the nnag- 
nitude of the drain source current to the transistor. 
The potential on the TFT gate is slowly dispersed 
and readings fronn the drain source current can be 
made over prolonged periods of tinne. The charge 
storage time on the gate 56 is in the range of 20 to 
30 seconds, and therefore several of the readings 
can be made for each x-ray exposure of the device 
of the present invention. The ability to take several 
readings permits reduction of noise by averaging 
the readings, and thereby, enhancing the signal to 
noise ratio of the detector. 

The read-out circuitry 34 includes a shift regis- 
ter 68 and a multiplexer 70 for providing a mecha- 
nism to transmit signals for amplification, conver- 
sion from analog into digital, and for storing such 
signals in memory in the central processing unit 
20. Outputs 72 for video display of the storage 
signal, or output 74 for further processing of the 
signal by a laser printer are also provided. 

The amorphous silicon Schottky barrier diode 
of the present invention exhibits a dark current in 
the range of lO^^Wcm^. a forward current in the 
range of lO*^ to lO'Wcm^, and the ratio of 
photocurrent over dark current is approximately 1 0* 
at low levels of illumination, that is 1.0 to 
lO^W/cm^. 

To prevent photocurrent from one photodiode 
in the array reaching an adjacent photodiode, a 
blocking diode 76 is provided in association with 
each photodiode 38, as illustrated in Rgure 4. 

As further illustrated in Rgure 3b, in which like 
reference characters are used to indicate like ele- 
ments that were illustrated in Rgure 3a, the poly- 
silicon TFT 40 is essentially the same as described 
with reference to Rgure 3a. Situated on top of the 
polysilicon TFT is the photodiode 38 and the bloc- 
king diode 76. The photodiode 38 and the blocking 
diode 76 have the conductive layer 46. the doped 
hydrogenated amorphous silicon layer 44 and the 
undoped amorphous silicon layer 42 as common 
layers. In addition, the lead layer 49 may also be 
included between the conductive layer 46 and the 
TFT 40. 

To form the photodiode and the blocking di- 
ode, a metal layer 48a and 48b is formed in much 
the same way as metal layer 48 in Rgure 3a. 
However, using conventional patterning techniques, 
distinct layers 48a and 48b are formed such as to 
be conducttvely separated to form the photodiode 
38 and the blocking diode 76. Both layers 48a and 
4ab are preferably made of platinum. Area ratios of 
the blocking diode to the photodiode are in the 
range between 1:22 to 1:1. 

A metal layer 57 is deposited on the metal 
layer 48b of the blocking diode 76 for connection 



to the read-out circuitry and in a thickness suffi- 
cient enough so that no light penetrates the bloc- 
king diode. A sufficient thickness is in the range of 
2,000 - 5,000A, 

5 The photodiode also includes the metal layer 

51 deposited at the periphery to provide a connec- 
tion to the read-out circuitry. 

The prevention of photocurrent traveling be- 
tween adjacent photodiodes is also resolved by the 

10 arrangement illustrated in Figure 5. In Figure 5, the 
TFT 40 is biased in an opposite manner from the 
arrangement of Figure 4, permitting the elimination 
of the blocking diode. 

The x-ray sensitive phosphor for use in the 

15 detector of the present invention may be chosen 
from those well-known in the radiographic art for 
use in intensifying screens. Such phosphors in- 
clude, but are not limited to, gadolinium oxysulfide 
doped with terbium or europium, yttrium oxide, 

20 calcium tungsten, barium fluorochloride doped with 
europium, barium sulfate or strontium sulfate dop- 
ed with terbium or thulium or dysprosium, and zinc 
sulfide. 

The phosphor may be situated individually over 
25 each pixel in microcolumns with a column size 
equal to the photodiode size. The individual micro- 
column arrangement confines the scattered emitted 
light to the area of the associated pixel. If the diode 
is initially deposited on the substrate and the TFT 
30 formed on the diode, the phosphor can then be 
embedded directly into the substrate. 

Conventional screens are also contemplated as 
part of the present invention. The use of such 
screen results in some spreading of the emitted 
35 light which causes a reduction in the image sharp- 
ness. 

The use of columnar phosphor results in great- 
er image sharpness since the emitted light is con- 
fined to the column area. In addition, since the 

40 scattered emitted light is confined, the thickness of 
the phosphor layer can be increased without loss in 
image sharpness. Increasing the thickness of the 
phosphor provides greater absorption of incident x- 
rays thereby improving the sensitivity of the detec- 

45 tor. 

Techniques for producing columnar phosphor 
are known in the art. European patent application 
Publication 0 175 578 describes the use of colum- 
nar phosphor layers selected from barium sulfate 

50 doped with terbium or thulium or dysprosium, 
strontium sulfate doped with terbium or thulium or 
dysprosium and alkali halides. Such phosphor lay- 
ers may be formed by vacuum evaporation, sput- 
tering, or other vacuum deposition techniques 

55 known in the art. Columnar phosphor screens in- 
cluding oxysulfides of gadolinium or lanthanum are 
described in U.S. Patent 4,069,355. Such struc- 
tured phosphors are made by vapor deposition 



techniques. 

^ The read-out scheme and the detector struc- 
ture of the present invention can also be applied to 
the detector where the photodiodes are directly 
sensitive to the x-rays. Photodiodes which are di- 
rectly sensitive to x-rays provide an x-ray sensor 
without the necessity of a phosphor layer. 
Photodiodes and also blocking diodes according to 
this embodinnent may be diodes having an x-ray 
sensitive layer such as Se, PbSe, PbSxSei.x. CdTe, 
HgCdTe, SeTe or other high atomic number ma- 
terials. 

The structure of the Se diodes can be, for 
example. Schottky barrier type of transparent con- 
ductive oxide/Se/metal. transparent conducting ox- 
ide CdSe/Se/metal. The structure of CdTe diodes 
can be. for example, transparent conducting 
oxide/CdSe/CdTe/metai. The structure of HgCdTe 
diodes can be, for example, transparent conducting 
oxide/CdS/ HgCdTe/metal. The photodiodes direct- 
ly sensitive to x-rays may be made by using thin 
film deposition techniques know in the art such as 
evaporation, sputtering, or electrodeposition. Thick- 
ness of the x-ray sensitive layer Is in the range of 
Wfim to SOQfim, 

The following examples are for illustrative pur- 
poses only and are not intended to limit the 
present invention in any way. The examples are 
being submitted in order to illustrate more explicitly 
the process and product of the present invention. 

EXAMPLE 1 

A linear array solid state x-ray radiation detec- 
tor was made by first growing a layer of silicon 
oxide of approximately one micron thickness on a 
3-inch wide silicon wafer. The one micron layer of 
silicon oxide was used as an insulator. A second 
layer of amorphous polysilicon was formed using 
low pressure chemical vapor deposition of approxi- 
mately 1,500A thickness at approximately 560 *C 
at 180 m Torr. Plasma-enhanced chemical vapor 
deposition could also have been used to form the 
polysilicon amorphous layer. 

The wafers containing the two layers were then 
annealed in a nitrogen atmosphere of approximate- 
ly 1.5 Torr and at approximately 620 *C for 24 
hours to form a crystalline polysilicon layer. The 
grain size of the crystalline polysilicon ranged from 
500A - 3.000A. 

The now crystalline polysilicon layer was pat- 
terned using photo-lithographic techniques into dis- 
crete islands. A I.OOOA thick amorphous silicon 
oxide layer for the gate was grown at approxi- 
mately 1 ,050 * C as a dielectric layer. Using low 
pressure chemical vapor deposition, a polysilicon 
layer of approximately 3,500A thickness to be used 
as the gate of the to be formed transistor was 



deposited and patterned. 

An n + -type silicon drain and source were 
formed by implanting phosphorus by ion beam 
deposition at a level of about 10^- atom/cm^. The 
5 phosphorus implantation was done before the for- 
mation of via holes through the amorphous silicon 
oxide. After implantation, the phosphorus was ac- 
tivated during a 30 minute annealing process in a 
nitrogen atmosphere at approximately 1.050* C. 

w If implantation were to be performed after the 

formation of via holes through the amorphous sili- 
con oxide, the thickness of the polysilicon gate can 
be reduced from 3,500A to a range of 500A to 
1,500A. The reduced thickness of the polysilicon 

15 gate will enhance the effectiveness of subsequent 
plasma hydrogenation as will be described below. 

Aluminum was then deposited for the gate 
electrode by sputtering. Aluminum-silicon-copper 
alloy/chromium may also be used as the material 

20 for the gate electrode. The device was then an- 
nealed in a forming gas containing 15 percent 
hydrogen and 85 percent nitrogen to improve the 
contact between the aluminum and the silicon. The 
annealing was followed by plasma hydrogenation in 

25 a mixture of 50 percent nitrogen and 50 percent 
hydrogen at 300 *C for 30 minutes. Annealing 
times of up to one hour have been successfully 
employed. An insulating layer of 3,000A of SiOx 
was initially deposited and then a layer of 3,0OOA 

30 thickness of SiNx was deposited on the annealed 
device as a combined insulation layer. Both the 
SiOx and SiNx was deposited by plasma-enhanced 
chemical vapor deposition. The SiNx layer is de- 
posited on top of the gate electrode of the TFT to 

35 * optimize the amount of hydrogen incorporated into 
the grain boundaries during the plasma hydrogena- 
tion. The SiNx layer reduces the number of trap- 
ping defects and reduces the leakage current of 
the TFT. 

40 Chromium metal plugs were used to fill the via 

holes through the SiNx/SiOx layer to the gate elec- 
trodes of the now formed thin film transistors. An 
aluminum-chromium alloy may also be used to 
form the metal plugs, although the metal plugs can 

45 be made of any suitable metal. 

Prior to the photodiode formation, Probimide 
408 sold by Ciba-Geigy Corporation of Ardsley, 
New York, waS deposited by spin coating to 
planarize the surface of the thin fiim transistors. 

50 Approximately a 1^^ thickness of the Probimide 
was deposited. Other types of polyimide or spin-on 
glass may be substituted for the Probimide in a 
thickness range of approximately Vm to 2firr\. The 
Probimide layer improves the performance of the 

55 detector since the planarization reduces and/or 
smooths out the slope in the photodiode. Planariz- 
ing the surface on which the photodiode rests will 
reduce possible high electric fields across the 
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ppotodiode. When the thickness of the phtodiode is 
too thin, the field is high at a given voltage. A high 
electric field across the device can deteriorate or 
destroy the device. 

Prior to the formation of the Schottky barrier 
diode, a 1 to 2 micron layer of lead was deposited 
on the Probimide 408. The lead serves to reduce 
the x-rays that may be received by the thin film 
transistors. Other metals of a high atomic number 
that have a high x-ray absorption such as tungsten 
or platinum may also be used. 

Next, a Schottky barrier diode was formed by 
initially depositing an electrode layer of chromium 
of an approximate thickness of I.OOOA to 5.000A 
by sputtering. Next, a phosphorus doped n-type 
amorphous silicon was deposited on to the layer of 
chromium, using plasma-enhanced chemical vapor 
deposition. Prior to deposition any CrOx occurring 
on the chromium surface was treated in an argon 
plasma. Hydrogen in place of argon may be used. 
The chromium in the doped amorphous silicon 
layers was patterned by using wet etching solution 
techniques. The etched patterns of chromium and 
n-type phosphorus doped amorphous silicon were 
dipped in a solution of 2 percent HF in deionized 
water to remove any native SiOx on the doped 
amorphous silicon surface. The native SiOx can 
also be removed using an in-situ anhydrous flu- 
oride cleaning step. The anhydrous fluoride clean- 
ing step would be preferred in a manufacturing 
setting and for least impact on the environment. 

Next, an undoped layer of amorphous silicon of 
approximately 5,000A thick was deposited on the 
doped amorphous silicon layer. 

Both the doped amorphous silicon layer and 
the undoped amorphous silicon layer were depos- 
ited in a plasma-enhanced chemical vapor deposi- 
tion system. The gases used in the deposition 
system were silane (SiH*) and pure hydrogen for 
undoped amorphous silicon, and for phosphorus 
doped amorphous silicon, silane, phosphine and 
hydrogen and hydrogen were used. The substrate 
temperature was kept as 250 *C. The amorphous 
silicon was not patterned. However, the amorphous 
silicon may be patterned to form islands by using 
microlithographic techniques. 

The surface of the undoped amorphous silicon 
layer was then treated by dipping in two percent 
HF in deionized water to remove native SiOx. The 
native SiOx can also be removed by using an in- 
situ anhydrous fluoride cleaning step. 

A platinum layer of approximately 150A thick 
was sputtered on to the undoped a-Si:H layer. The 
platinum layer was then patterned for a top elec- 
trode to form the blocking diode and the 
photodiode using a lift-off etch technique. The area 
of the photodiode and the area of the blocking 
diode for each pixel are determined by area of the 



platinum layer. The area ratio is varied from 1:1 to 
1:22. The platinum layers of the blocking diode and 
the photodiode are separated by the amorphous 
silicon layer. To reduce the defects at the a- 
5 Si:H/platinum interface, the diodes were annealed 
in a hydrogen atmosphere at a temperature of 
approximately 300 'C for approximately 1 to 1.5 
hours. 

A first layer of SiOx of approximately 2,000A 

ro thickness and then a second layer of SiOx of ap- 
proximately 1,500A thickness was deposited using 
plasma-enhanced chemical vapor deposition as an 
insulator. The two layers of SiNx/SiOx were pat- 
terned such that the platinum layer was disposed 

75 to serve as an electrode. 

An aluminum top electrode layer was then de- 
posited by sputtering. The aluminum may also be 
deposited by E-beam evaporation. The top alu- 
minum electrode layer was then patterned using a 

20 lift-off etching technique. A wet etching technique 
may also be used. To further improve the contact 
and the device performance, the array of devices 
was annealed in a forming gas atmosphere at ap- 
proximately 275* C for approximately 1 hour. 

25 Other metals for the gate, drain, and source of 
the TFT may also be used such as aluminum- 
copper-silicon alloy, aluminum-chromium double 
layer, tungsten silicide, or other metal silicides. 
Alternatively, the polysilicon thin film transistor can 

30 also be made in p-type, such that the drain and 
source are doped with a p-type dopant such as 
boron. The boron doping is done using ion-im- 
plantation techniques. 

The response of the detector produced in this 

35 example with visible light of VW/cm^ is illustrated 
in Rgure 6. The testing circuitry used to obtain the 
data of Rgure 6 is illustrated in Rgure 4. The data 
of Rgure 6 indicates that the detector is sensitive 
to a very low light level, which corresponds to a 

40 medical x-ray dose of 1 to 5 mR. 

. Similar results were observed when the detec- 
tor was exposed under a medical x-ray dose of 90 
kVp at 200mA for 2 seconds with an aluminum 
filter thickness of 20 mm. These results are illus- 

45 trated in Rgure 7. The detector was sensitive down 
to less than 1 mR using a 3-M Trimax B12 inten- 
sifying screen at 90 kVp at 200mA for 16 ms with 
an x-ray source being at a distance of 1 meter from 
the detector. 

50 

EXAMPLE 2 

A 32 pixel linear array detector was fabricated 
using techniques similar to those described in Ex- 
55 ample 1, except that the platinum layer was not 
patterned to form a blocking diode instead the 
entire area of the platinum layer was used for the 
photodiode.3 
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The 32 pixel linear array detector was tested 
using x-ray exposures from 1.25 mR to 5 mR. A 3- 
M Trimax B12 Intensifying phosphor screen was 
used. A graph of the TFT output current before and 
after x-ray exposures of 5 nnR, 2.5 mR. 1.25 mR, 
and 0 mR are illustrated in Figure 8. The graph of 
Figure 8 indicates that the output current can be 
read several times after exposure with the signal 
being present for at least 20 seconds after the x- 
ray exposure. The ability to read a single exposure 
several times improves the signal-to-noise ratio of 
the detector. 

EXAMPLE 3 

A hybrid detector array was made by bonding 
by wiring a 1x32 amorphous silicon photodiode 
array to a 1x32 polysilicon thin film transistor array 
to form a hybrid detector. The photodiode array 
and the polysilicon TFT array were produced using 20 
techniques similar to those described in Example 
1. The photodiodes and the TFTs were produced 
on two separate substrates. A linear array of 
photodiodes and a linear array of TFTs were bon- 
ded by cutting the photodiode array and TFT ar- 25 
rays previously formed and then bonding the di- 
odes and TFTs together at their cut edges by 
soldering. The hybrid detector was used to op- 
timize the circuit design for the detector The hy- 
brid detector of Example 3 provides freedom to 30 
select the best diode array and the best TFT array 
and to combine the two to produce an array that 
will have maximum performance. The hybrid detec- 
tor was exposed to 1.6mW of wavelength 550nm 
and the results are shown In Rgure 9 for two 35 
different exposure times of 100 msec, and 200 
msec. 

The hybrid detector of this example using a 3- 
M Trimax B12 phosphor screen and aluminum 
filters of 3.17 mm and 20 mm was exposed to a 90 40 
kVp x-ray tube 200 mA for 200 msec. 

Drain-source current of 2^A was observed us- 
ing the aluminum filter of 3.17 mm. Drain-source 
current of 0.6mA was observed when using the 20 
mm aluminum filter. The decay time using the 45 
detector of this example was as long as 15 sec- 
onds and allowed several readings for one expo- 
sure thereby enhancing the signal-to-noise ratio of 
the final recorded signal. 

50 

EXAMPLE 4 

To increase the final output signal of the detec- 
tor, a second polysilicon TFT could be added to 
the already existing polysilicon TFT of the detector ss 
in Example 2. The gate of the second TFT is 
connected to the drain of the first TFT in each 
pixel. Both TFTs can be fabricated using tech- 



niques similar to those described in Example 1. 

The calculated results indicate an amplification 
ratio of up to 50 times using the second TFT, as 
illustrated in Figure 12. 

EXAMPLE 5 

A large area x-ray sensor 58 of 14 inches x 17 
inches is made from four 7 inch x 9 inch sensor 
array modules 60, 62, 63, and 64 as illustrated In 
Figure 10. Each module has a 2,000 x 2,000 
photodiode-TFT array. Electronic circuitry is ar- 
ranged at the corners of each of the modules. An 
integrated scanner 66 is built simultaneously with 
the diode/TFT pixel matrix using known thin film 
deposition techniques resulting in a fully integrated 
drive circuit inactive matrix as illustrated in Figure 
10. Each module is in overiapping relationship with 
an adjacent module by a distance that is less than 
the pixel size, which in this example is approxi- 
mately QOfim. No imaging loss due to the addition 
of the drive circuity is anticipated since the drive 
circuitry is outside the viewing area and can be 
fully redundant. 

For high mobility polysiiicon-based CMOS de- 
vices for integrated scanner circuitry, laser an- 
nealed rapid thermally annealed polysilicon may be 
used for this device. 

Although the present invention has been de- 
scribed with reference to preferred embodiments, 
workers skilled in the art will recognize that 
changes may be made in form and detail without 
departing from the spirit and scope of the inven- 
tion. 

Claims 

1. A detector comprising: 

a plurality of pixels, each pixel comprising: 
a thin film transistor having a gate; 
and 

a photodiode conductively connected to 
the gate of the thin film transistor generating a 
current when the pixel is exposed to x-rays. 

2. The detector of claim 1 and further including 
an x-ray sensitive phosphor in light receiving 
association with the photodiode. 

3. The detector of claim 1 wherein the 
photodiode includes an x-ray sensitive layer. 

4. The detector of claims 1-3 wherein the pixels 
are disposed in a two-dimensional array. 

5. The detector of claims 1 -4 wherein the 
photodiode is an amorphous silicon diode. 
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' 6h The detector of claim 5 wherein the silicon 
diode including an undoped amorphous silicon 
layer and a doped amorphous silicon layer 
adjacent the undoped amorphous silicon layer, 
both silicon layers being sandwiched between 
first and second electrode layers, the first elec- 
trode layer being in conductive contact with 
the gate of the thin film transistor. 

7. The detector of claims 1-6 and further includ- 
ing an x-ray absorbing metal layer, the x-ray 
absorbing metal layer being in conductive con- 
tact with the photodiode and the gate of the 
thin film transistor. 

8. The detector of claims 1-7 and further includ- 
ing an insulating layer disposed between the 
thin film transistor and the photodiode and 
including means for permitting conductive con- 
nection between the gate of the thin film tran- 
sistor and the photodiode. 

9. The detector of claims 1-8 and further includ- 
ing circuitry means for receiving and sending 
electrical signals from the pixels in the array. 

10. The device of claim 9 wherein the circuitry 
means is disposed along the periphery of the 
array. 
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